Objective: An eco-friendly, cost-effective mosquito larvicidal and antimicrobial silver nanoparticle was produced from Wrightia tinctoria leaves.
BACKGROUND
Mosquitoes are a major vector to spread various threat full diseases like malaria, dengue, and filariasis [1] in urban and rural areas leading to increased levels of death ratio. Recent days to control the mosquitoes in urban areas are very challengeable task to the city corporation. Currently using synthetic agent of permethrin and pyrethroids cause various dangerous effects to higher animals [2] and hence its need to find out safer and less toxic insecticidal agents using natural mediators like plants and microbes through nanobiotechnological approach. Nano-biotechnology and nanomedicine is an upcoming and fast developing thrust area of research with potential application for human health and pharmaceutical industries. The biosynthesis of nanoparticles is a cost effective, eco-friendly and alternative approach to produce stable nanoparticles [3] . The production of various kinds of nanoparticles from natural sources like plants, microbes [4] and sea weeds has gained great attention among scientific communities in natural medicine [5] [6] [7] [8] [9] [10] and also these natural sources acting as nanofactories for nanofabrication and production of different forms of nano *Address correspondence to this author at the Department of Biotechnology, Karpagam Academy of Higher Education, Coimbatore-641021, Tamil Nadu, India; Tel: +91-422 6471113; Fax: +91 422 2980022; E-mail: smuthu.al@gmail.com sized particles such as, nano-wire, nano-rod, nano-colloids, nano-platelets, nano-disks and nano-sheets [11] . Azadirachta indica [12] , Aloe vera [13] , Cinnamon zeylanicum [14] , Gliricida sepium [15] and Rosa damasuna have been utilised for producing silver nano particles against various microbes in eco-friendly manner. Silver are well known therapeutic agent for various diseases and the ionic state of silver has been known and effective antimicrobial agent against a broad range of micro-organisms. Reducing the particle size of materials is an efficient and reliable tool for improving their biocompatibility by using biological sources and in current scenario the use of nano scaled material is rapidly increasing in various streams. Among the nano scaled particles, the silver nanoparticles are the most studied nano material in nano medicine and are used for various commercial products and pharma industries. The chemical and physical synthesis of nanoparticles production using toxic chemicals gives hazardous by-products [6] and need remedial action to reduce toxicity in the environment. For protecting the environment and to search method without toxic by product synthesis of bio nanomaterial forms the remedy. Hence, eco-friendly production route of AgNPs is essential to zero hazardous waste emission in the environment.
aqueous and methanol extract of Wrightia tinctoria leaves and characterized by using different spectral studies and screened for their mosquito larvicidal potency against Anopheles stephensi followed antibacterial potential against Escherichia coli, Pseudomonas aeruginosa, Pseudomonas fluorescens, Proteus vulgaris, Staphylococcus aureus. W. tinctoria belongs to the family Apocynaceae, medium sized deciduous shrub found in tropical regions of India, Southeast Asia and Australia as weed. The bark of W. tinctoria is used for various treatments including diarrhoea, piles and ringworm.
OBJECTIVE
Biosynthesis of silver nanoparticles from the leaves of W. tinctoria and screening for its mosquito larvicidal efficacy and antibacterial activity.
MATERIALS AND METHODS

Chemicals
Silver nitrates (AgNO3), Muller Hinton Agar (MHA), Potato Dextrose Agar (PDA) were purchased from HiMedia Pvt., Ltd., Bangalore.
Extracts of Wrightia tinctoria Leaves
Fresh and healthy W. tinctoria leaves were collected from in and around Coimbatore district, Tamil Nadu, India, washed thoroughly in running tap water, rinsed in distilled water and pat dried using kitchen paper towels. The leaves were allowed to dry completely at room temperature and powdered using an electrical grinder. For aqueous extract, 10 g of this dried powder was suspended in 100 mL of sterilized distilled water and held in a water bath at 60 o C for 1 h. After heating it was cooled, filtered and the filtrate was used for further studies. For methanol extract, 10g of this dried leaves was suspended in 100 mL of methanol and placed in orbital shaker at 150 rpm for 12 h. Then the extract was filtered using Whatman no.1 filter paper and the filtrate was used for further studies [16] .
Synthesis of Silver Nanoparticles Using Aqueous and Methanol Extracts
Ten mL of aqueous and methanol extracts of W. tinctoria leaves was taken separately in sterile conical flasks, mixed with 90 mL AgNO 3 to each flask to give a final concentration of 1 mM and was incubated at direct sun light for 1 h. During incubation, the mixtures were continuously monitored for colour change. Colour of the sample changed from yellowish to dark brown which indicates the formation of silver nanoparticles. Further, the reaction mixture was centrifuged and the pellet was washed by centrifugation (15,000 rpm, 20 min, 4 o C) using sterile distilled water and the pellet obtained for each extract was dried and further characterised for its physico-chemical and biological properties [16] .
Characterization of Synthesized Silver Nanoparticles UV-visible Spectroscopy
The reductions of Ag + ions were spectrum analysed before and after adding silver nitrate solution to the extracts by reading in UV-visible spectrophotometer between 200 nm to 800 nm [16] . The reduction of Ag + ions after adding the extracts was absorbed in the uniform interval, the golden brown colour of the reaction mixture indicated the formation of silver nano particles in the aqueous medium.
FT-IR Analysis
The synthesized AgNPs were subjected to FT-IR analysis between the 400-4000 cm -1 by impregnating with KBr to predict the functional group analysis (Gurunathan et al., 2009).
Energy-dispersive X-ray Spectroscopy (EDAX) and X-ray Diffraction Analysis (XRD)
Energy-dispersive X-ray spectroscopes exploit the photon nature of light in the X-ray range, the energy of a single photon is just sufficient to produce a measurable X-ray voltage pulse, and the output of an ultralow noise preamplifier connected to the low noise constitutes a statistical measure of the corresponding quantum energy to measure the elements present in the samples [17] . The dried synthesized AgNPs were drop-coated onto carbon film and tested the composition of elements. The size of the synthesized silver nanoparticles was measured using XRD. The phase variety and grain size of synthesized AgNPs was determined by X-ray diffraction spectroscopy (Philips PAN analytical). The synthesized AgNPs were studied with CUKα radiation at voltage of 30 kv and current of 20MA with scan rate of 0.03o/s. Different phases present in the synthesized samples were determined by X' pert high score software with search and match facility. The particle size of the prepared samples was determined by using Scherer's equation as follows:
where, D is the crystal size, λ is the wavelength of X-ray, Ѳ is the Braggs angle in radians and B is the full width at half maximum of the peak in radians
Scanning Electron Microscopy (SEM)
SEM analysis of the AgNPs provides the information regarding the dimensions including the surface, shape, and size. Thin films of the sample were prepared on a carbon copper grid by just dropping a very small quantity of the sample on the grid. The extra solution was removed using a blotting paper and SEM grid was allowed to dry by putting it under a mercury lamp for 5 min and observed under EVO 50 SEM [18] .
Culture of Mosquitoes
The mosquitoes, Anopheles stephensi were collected from the National Center for Disease Control, Mettupalayam, Coimbatore and were brought to the laboratory safely without disturbance. These larvae were allowed to feed on brewer's yeast, dog biscuits, and sucrose in a 3:1:1 ratio in the laboratory at room temperature for 24 h, before start of the experiment. They were maintained at 28±2°C temperature, 70-85% relative humidity, with a photo period of 12-h light/12-h dark.
Larvicidal Bioassay
Toxicity of AgNPs performed by WHO method (LAR-VICIDES, 2005) with some modification by placing around 25, III and IV instar larvae into 250 ml conical flask allowed with chlorine free water to maintain the mosquito larvae alive and AgNPs were suspended in double distilled water. The larvae were separated to keep in an individual tubes now added 50 µL (1mg/mL stock) to the tube and it was allowed to stand for 2 h after that, the treated and untreated larvae were monitored for their active functional groups using FT-IR [19] .
Antibacterial Activity of Synthesized AgNPs
Preparation of Bacterial Culture
Stock cultures were maintained at 4 o C on slant of nutrient agar. Active cultures for experiments were prepared by transferring a loop full of cells from the stock cultures to test tubes of nutrient broth for bacteria that were incubated for 24 h at 37 o C. The assay was performed by agar disc diffusion method. Five bacteria namely E. coli, P. aeruginosa, P. fluorescens, P. vulgaris and S. aureus were used to determine the antibacterial activities of the synthesized AgNPs.
Antibacterial Activity by Agar Well Diffusion Method
Antibacterial activity of W. tinctoria extract capped silver nanoparticles was studied by disc diffusion method on Muller Hinton Agar (MHA) medium [20] . The MHA medium is poured on to the petriplate. After the medium was solidified, the inoculums were spread on the solid plates with a sterile swab moistened with the bacterial suspension. The discs were placed in MHA plate and 25 µl of the sample (µg/ml), silver nitrate solution, methanol and methanol extract added (concentration of plates: 50, 75 and 100 µg/ml). The plates were incubated at 37 o C for 24 h. Then, the microbial growth was determined by measuring the diameter of the zone of inhibition.
RESULTS AND DISCUSSION
Plant-based biological molecules such as amines, cardioglycosides, alkaloid, flavonoid, terpenoids, phenolics are highly control and making the metal nanoparticle syntheses such as silver nanoparticle [21] . Nowadays the green plant mediated nanoparticle synthesis are a great deal among the scientific communities with less toxic compared to the chemical synthesis. The plants containing carbohydrates, amines are able to synthesise the metal nanoparticle [22] . With this review, we have chosen W.tinctoria leaves due to the presence of major primary and secondary metabolites such as alkoloids, flavonoids, phenolics, amines, amino acids, proteins and carbohydrates [23] .
Most of the researchers have used optical absorption of silver as an indicator for the production of AgNPs. We examined the UV-Vis absorption spectrum of Ag to verify this during the reaction period the increasing absorbance was observed which can be due to the increased production of silver nanoparticles. AgNPs naturally, oxygen and nitrogen of essential biological molecules and inhibit bacterial growth, mosquito larval growth of silver nanoparticles (AgNPs) using leaf extract of W. tinctoria against the first to the fourth instar larvae of malaria vector, Anopheles stephensi was carried out in the earlier study.
Characterization of Synthesized AgNPs
UV-visible Spectrophotometry Studies of Silver Nanoparticle
UV-Visible spectroscopy is an indirect method to observe the bio-reduction of Ag + ions to AgNPs from the aqueous silver nitrate solution. Initially, the colour of the reaction mixture changed into brown while adding W. tinctoria extract into 1mM of silver solution. It indicates a reduction of silver ions (Ag + ) to silver nanoparticles (Ag o ). The colour arises due to the collective oscillations of free conduction electrons in the nanoparticles. AgNPs synthesis process started within a minute which was identified by forming yellowish brown colour and reaction at 4 h of incubation was identified by stable dark brown with precipitation at the bottom of the flask. Colour intensity increased while increasing the time incubation revealed an increase in nanoparticles synthesis. The Figs. (1A and 1B) show the reduction of Ag + ions with a different dosage of extract in the different time interval. The formation of golden brown colour indicated the synthesis of silver nanoparticles. Here the aqueous silver nitrate dissociates into Ag and NO 3⎯ ions due to the treatment of plant extract, because plant leaves contain high level of poly-phenols contents, it has hydroxyl and ketonic groups which are able to bind to metals and reduce the metal salt and provide stability against agglomeration. And also the plant extract contains protein and enzyme at the time treatment with AgNO 3 solution, the Ag ions combine with the enzyme to form enzyme-substrate complex and to release the silver nanoparticle during continuous centrifugation process, washing. The synthesized AgNPs was coated on a glass slide using dip coating method and it showed as a crystalline nature on a glass slide for further studies. The synthesized AgNPs was coated on glass slide using dip coating method and it looks like as a crystalline nature on a glass slide for further studies.
The UV absorption peak of W. tinctoria aqueous and methanol extract mediated AgNPs shows the maximum absorbance band range between 400 nm -450 nm and maximum absorbance peak was found at 460 nm, clearly indicating the formation of spherical AgNPs in the incubation solutions ( Figs. 2A and 2B) . The occurrence of peak at 460 nm is due to the phenomenon of surface plasmon resonance, which occurs due to the excitation of the surface plasmon present on the outer surface of the AgNPs which gets excited due to the applied electromagnetic field.
AgNPs were synthesized from the aqueous and methanol extracts of W. tinctoria leaves. The synthesis of nanoparticles involved physical, chemical and mechanical methods. Due to the expensive nature and toxic nature of the abovementioned synthesis method, nowadays a number of biologically originated bacterial, fungal, algal and plants have been used. This will pave way for the synthesis of development of non-toxic and eco-friendly nanoparticles [24] . While comparing with the synthesis method of nanoparticles from the microbes, most of the researchers suggest plant materials as a good source for the synthesis of nanoparticles. It is because of their availability and low cost. Therefore, we opted a plant material for the synthesis of the silver nanoparticles with less toxicity.
AgNPs were synthesized and were characterized by UVvisible spectrophotometry, FT-IR analysis, SEM, XRD and EDAX. The formation of the silver nanoparticles was confirmed by the visual inspection. The significant colour changes are due to the excitation of the surface Plasmon resonance in the synthesized AgNPs. For noble metals like nanoparticles, they are having the capacity to exhibit a strong absorption band in the visible spectra, which is originating from the coherent excitation of the conduction band electrons which is induced by an interaction generated by the electromagnetic field. The preliminary UV-visible absorption spectra gently proved the formation of AgNPs.
FT-IR Spectral Analysis AgNPs Synthesized from W. tinctoria
The FT-IR measurement was carried out to identify the possible functional groups of biomolecules responsible for the reaction of Ag + ions and capping the bioreduced AgNPs synthesized by W. tinctoria aqueous and methanol extract as well as after the synthesis of AgNPs. Figs. (3A-3D) represent the FT-IR spectral data and peak to corresponding bonds to the corresponding functional groups. The reaction mixture at 60 h was made to powder and analysed for their active groups using FT-IR spectroscopy. The bands found at 3423.65cm −1 , 1625.99cm −1 , 1649.14cm −1 , 1382.96cm −1 , 1055cm −1 and 1132.21cm −1 correspond to the stretching vibrations of aromatic amines such as N-H stretch, C=C stretch, C=C stretch, C-N stretch, C-O stretch and C-O stretch respectively; while their corresponding bending vibrations was found at 829.39cm −1 response to C-H bending. Among the bands, 1382.96 cm −1 was observed strongly and it can be assigned to the C-N stretching vibrations of aromatic amines according to the Silverstein et al., (1997) [25] reported on organic compounds. Most of the biological sources have used for the synthesis of AgNPs by the way the protein has the stronger ability to bind silver due to the carbonyl stretch in the amide linkage of the protein. It shows the amide stretch is the major vibration for the synthesis of nanoparticle and stabilizing the AgNPs in an aqueous medium and this evidence implies the biological source can possibly perform the function for the formation and stabilization of the AgNPs in an aqueous medium. From the FT-IR analysis, it can be observed as the presence of the functional groups such as the alkane, alkenes, amines, aromatic and alcoholic groups. These functional groups were present in the extract of W. tinctoria, and they were adsorbed on the surface of the synthesized AgNPs. This might be supposed to cap the synthesized AgNPs, which enhances the stability and restrict the agglomeration of the synthesized nanoparticles. 
EDAX Analysis
EDAX characterization has shown absorption of strong silver along with other elements, which may originate from the biomolecules that are bound to the surface of synthesized AgNPs. From EDAX spectra, shown it is clear that AgNPs reduced W. tinctoria (Figs. 4A and 4B) . From the EDAX analysis, it was clear that the synthesized nanoparticles were free of contamination. It was earlier reported by Priyadarshini et al. (2012) [19] on the AgNPs synthesized using Ananas comosus.
XRD Analysis
XRD analysis is used to determine the phase distribution, crystalline and purity of the synthesis of nanoparticles. (Figs.  5A and 5B) depict the pattern of W. tinctoria aqueous and methanol extract. With reference to the JCPDS data file no.04-0783 it was concluded that the nanoparticles were crystalline in nature having cubical shape with no such impurities. The results depicted the XRD pattern of W. tinctoria AgNPs in the 2θ ranged 15-60°. It exhibited a broad peak at 38.4°. The broadening of the peaks clearly indicates that the particles are in the nanoregime. Apart from these, many unidentified peaks at 22°, 26°, 30°, 32°, 34°, 36°, and 44° arise, possibly due to other chemical reactions or organic impurities present in the sample.
SEM Analysis
SEM image (Figs. 6A and 6B) clearly shows the morphological characterization of AgNPs synthesized using aqueous and methanol extracts of W. tinctoria. It illustrates that individual AgNPs as well as number of aggregates and it illustrates the particles are predominantly spherical in shape with uniform distribution
In general morphology of AgNPs synthesized by the reduction of Ag + ions with the W. tinctoria is having consistent particles. SEM image analysis primarily exposed the polydispersed, spherical shape and ranged in size from 60-90 nm. These AgNPs become visible to have assembled into a very open, linear superstructure somewhat a dense closely packed assembly. It was evident that the synthesized AgNPs were capped with the secondary metabolites present in W. tinctoria leaves. The secondary metabolites in the plant played a noteworthy role in the formation of green synthesized AgNPs. They might involve in the reduction of Ag + to Ag 0 . Similar results were depicted by Roni et al., 2013 [20] .
From the SEM images, it is clear that the synthesized AgNPs are formed with an average diameter less than that of 100 nm. Similar results were observed by Priyadarshini et al., (2012) [19] , while synthesizing AgNPs using plant leaf extracts. The EDAX also proved the synthesis of AgNPs and Fig. (4) . EDAX analysis of AgNPs synthesized using extracts of W. tinctoria leaves: A) Aqueous B) Methanol. 
similar results were depicted by Chandran et al., (2006) [26] for the synthesis of AgNPs using Aloe vera extract.
Antibacterial Activity
Antibacterial activity of the synthesized AgNPs using aqueous and methanol extracts of W. tinctoria leaves was tested against five clinically important pathogens Escherichia coli, Pseudomonas aeruginosa, Pseudomonas fluorescens, Proteus vulgaris are gram negative bacteria's Staphylococcus aureus are gram positive bacteria by following Sondi et al. (2004) method [24] which showed promising antibacterial activity. The gram negative bacteria's are more resistant to antibiotics than the gram positive bacteria's. Hence, we attempted to find highly potent nano scaled particle by using natural materials to reduce the resistance produced by gram negative bacteria's. The results suggested that the synthesized AgNPs are having appreciable antimicrobial potential against selected clinical pathogens [27] . The antimicrobial activity was determined by means of measuring the diameter formed by the zone of inhibition ( Table 1) . Due to the predominantly exposed antimicrobial effect, these nanoparticles are mostly used in the area of therapeutics. Even these nanoparticles are used as a drug delivering system in the case of most dreadful disease such as cancer due to the salient features such as magnetic property, small size and specificity.
Mosquito Larvicidal Activity
The larvicidal activity of AgNPs using extracts from leaves of W. tinctoria against larval stages of Anopheles stephensi is given in (Fig. 7) . The treatment of mosquito larvae with AgNPs synthesized using aqueous and methanol extracts showed potent larvicidal activity. The data obtained from the present study clearly indicates that AgNPs could provide an excellent larval control of A. Stephensi [28] . Major reduction in the physical movements, especially the wriggling activity of larvae was found to decrease with the increase in time of exposure to AgNPs. This behavioural change is due to the binding of AgNPs to proteins leading to the denaturation of cell organelles and enzymes, subsequently, a loss in cellular function leads to cell death. FT-IR analysis was done to the larvae treated with aqueous extract AgNPs and methanolic extract AgNPs (Figs. 8A-8C ). FTIR analysis is mainly used for the determination of functional groups in organic compounds [16] (Fig. 8B) . Fig. (7) . Mortality of Anopheles stephensi larvae on exposure to 50 µL (1 mg/mL) of AgNPs from aqueous and methanol extracts of W. tinctoria leaves. -1 , signifies N-H stretching, O-H stretching, C=C stretching, C=C stretching, C-N stretching, C-O stretching and =C-H bending. This study suggests that the presence of alcohol, alkene, aromatic and amine groups are present in the larvae treated with aqueous extract of W. tinctoria. The FT-IR analysis of the larvae treated with the aqueous extract aided AgNPs, showed the presence of the functional groups such as alcohol, amides, aromatic, alkane, amines and alcohol.
The FT-IR analysis of the larvae treated with the methanolic extract of W. tinctoria aided AgNPs, depicts the presence of the functional groups such as amides, acids, alkane, alkene, aromatic, amines and alcohol. Analysing the results it is giving the clear cut evidence of the difference in the functional groups present in the treated and control larvae. So it can be concluded that there occurs changes in the functional groups and these methanolic AgNPs were able to induce a larvicidal effect towards the A. stephensi larvae.
The synthesized silver nanoparticles depicted an appreciable antimicrobial property against the selected pathogens while comparing with the standard antibiotics. Many researchers had depicted the antimicrobial effect of the synthesized AgNPs. According to Sondi and Salopek-Sondi (2004) [24] from the synthesized AgNPs, they are able to release silver ions into the bacterial cells and which will induce an antimicrobial activity. Thus it could be concluded that the synthesized nanoparticle can be used in the field of therapeutics.
The larvicidal property of the synthesized nanoparticles against the mosquito larvae A. stephensi was checked and it showed a good mortality rate with small concentration of the silver nanoparticle synthesized from the methanol extract of W. tinctoria. The silver nanoparticles synthesized from the fungal species by Salunkhe et al., (2011) [28] also depicted a good larvicidal effect against the A. aegypti and A. stephensi, support that the nanoparticles are effective against bacterial pathogens [27, 29] .
The FT-IR analysis of the synthesized silver nanoparticles treated larvae were checked and showed a difference in the functional groups while comparing with the untreated larvae. From this, it can be concluded that the functional groups present in the synthesized nanoparticle from the extracts of W. tinctoria are able to induce an enhanced level of mortality towards A. stephensi. This way of approach to produce silver nanoparticle production is effective and ecofriendly method to reduce the environmental pollution [30] .
CONCLUSION
In this study, we have synthesized AgNPs using leaves of W. tinctoria (aqueous and metabol extract). The parricidal activity of the synthesized AgNPs has been tested against the larva of malaria vector A. stephensi. The synthesized AgNPs were in spherical shape. The synthesized AgNPs were found effective against the larval stages of mosquito and gramnegative bacteria's. These results suggest that W. tinctoria (aqueous and methanol) synthesized AgNPs have the potential to be used as an ideal eco-friendly approach for the control of mosquito. The synthesized AgNPs were characterized by UV spectroscopy FT-IR, XRD, SEM, and analysis. FT-IR shows the presence of different functional groups, which give rise to well-known signatures in the IR region of electromagnetic spectrum. XRD X-ray diffraction analysis of the synthesized AgNPs was observed from 10 o to 90 o at 2 theta angles in the XRD spectrum. The SEM image showing the high density AgNPs synthesized by the W. tinctoria further confirmed the development of silver nanoparticles. The results betoken that the synthesized AgNPs can be used to develop a biocontrol agent against the A. stephensi.
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